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Due to the advantage of driving directly by alternating current, alternating light-emitting 
diode is expected to replace DC LEDs and has been a great attraction in recent years. 
However, its electrical, optical and thermal properties dramatically shift under various driven 
signals. In this article, thermal model is created by the finite volume method. Its thermal 
properties of the package are investigated and simulated, as well as their influence on heat 
dissipation. The research includes the following parts: 
1. The background history of LED and, especially, AC-LED, has been introduced briefly. 
In addition, the importance of AC-LED research is highlighted.  
2. The mechanism of AC-LED illumination is analyzed, from the aspect of the optical 
property of semiconductor materials. Also, some modes of the micro-structure are introduced 
with their applications. Some comments are post on the major properties. The impacts on 
LED of the junction temperature are analyzed and experimentally tested. 
3. A thermal model of the 1-W white AC-LED has been built and its accuracy is 
reconfirmed. the junction temperature is oscillating in a certain frequency when driven by AC 
dissipation power. The average junction temperature increases linearly with the ambient 
temperature. While the oscillation amplitude is almost unchanged. The simulation on the 
average junction temperature and amplitude is taken by changing the average input power and 
frequency. It reveals that the average junction temperature and amplitude increase linearly 
with the input power, while decrease with the frequency, moreover, the droop rate rise with 
the decreasing frequency. Its thermal resistance decreases with the frequency, and the 
amplitude increases linearly with the average junction temperature. At last, comparing the 
time-resolved function respectively, and junction temperature varies at the same frequency 
with the input power cyclically varation. 
4 The influences of various materials of substrate, heatsink and base-board on junction 
temperature have been simulated. The simulation indicates a better heat disspation behaviors 
















not obvious. In addition, the relationship of junction temperature and thernal conductivity has 
been obtained, which indicates that as the conductivity of substrate increase, the junction 
temperature droop dramatically, however, when the conductivity exceeds 200W/m K, the 
junction temperature reaches a steady value. As for the internal heatsink and base-board, Al 
and Cu are chosen to simulate. Although the thermal conductivity of Cu is more than two 
times of that of Al, it results in almost the same junction temperature. Further study shows 
that the junction temperature will not decrease when the thermal conductivity of exceed 300 
W/m K for heatsink and 200 W/m K for base-board respectivly. Therefore, when choosing 
materials in manufactures of the devices, it is better to balance the effectiveness and cost than 
blindly pursuit high thermal conductivity. 


















1.1 LED 的发展历程 
1907 年，美国工程师 Henry Round 通过在一个金属针和碳化硅（金刚砂）晶体之间
加上偏压观察到了电致发光现象[1]，这一度被认为是世界上第一支 LED。但是由于这种
电致发光发出的黄光太暗，因而没有得到实际应用，为此这项研究很长时间无人问津。 
1923 年，O.W.Lessew 观察到碳化硅的 P-N 结具有单向导电性和发光现象。1936 年，
GeorgeDestiau 发表了一个关于硫化锌粉末发射光的报告，随着电流的应用和广泛的认识，
最终出现了―电致发光‖这个术语。直到 1955 年前后，J.Haynes 提出了有关半导体锗的
P-N 结研究报告以及 G.A.Wolff 研究了磷化镓的发光现象，这些研究为此后的发光二极
管研究与制造奠定了基础。1962年，美国通用电气公司的Holonyak利用气相外延（VPE）
的方法研制出真正意义上的可见光 LED，但其发光效率不到 0.1lm/W。之后，Monsanto
和惠普公司对 LED 进行了技术上的改进，1968 年生产出了 665nm 的商用化 GaAsP/GaAs
红色光的 LED[2]。1967 年，贝尔实验室的 Logan 等分别用 ZnO 和 N 掺杂 GaP 研制出红
色光和绿色光 LED，将量子效率提高了近一个数量级。1972 年，Monsanto 的 Craford
利用氢化物气相外延，以 GaP 为衬底，用 N 掺杂 GaAsP 研制出橙红色光和黄色光 LED，
被大量应用于计算器、数字手表和测试仪器。IBM 的 Woodall 用液相外延（LPE）技术
以 GaP 为衬底生长 AlGaAs 研制出红色光 LED，此时 LED 的效率提高了很多，被大量
应用于室外信号指示、医疗器械等领域。20 世纪 80 年代初日本西泽润一利用液相外延
生长的 AlGaAs/GaAs 单异质结提高了 LED 性能。20 世纪 90 年代初，美国惠普公司和
日本东芝公司采用低压化学气相淀积研制出 InGaAlP 的 LED，之后 Craford 等利用 GaP
透明衬底使得双异质结 LED 发光效率达到 20lm/W，之后至今红光和黄光 LED 可达到


























2006 年 6 月，日亚化学发布开发出了发光效率为 100lm/W 的白色 LED 消息并开始
供应样品，计划同年 12 月投入量产，这被认为是 LED 迈向照明领域的一个新的里程碑
[9-11]。2005 年该公司曾经表示过 2010 年前后将量产 100lm/W 产品，这次公布的消息将
时间提前了3～4年。7月，美国Cree公司宣布开发出了发光效率达 131lm/W的白光LED，
此次的产品在 LED 业界将成为新的标杆，并重点强调了其发光效率之高，据悉，美国
国立标准技术研究所（NIST: National Institute of Standards and Technology）已经证实过
这一发光效率。该白光 LED 是使用 GaN 类 LED 芯片―EZ Bright‖试制而成的。12 月，
日亚化学开发发光效率增至 150lm/W 的白色 LED，是当时产品的 15 倍。在发光效率方
面，这款白光 LED 是同等条件下发光效率为 901lm/W 荧光灯的 1.7 倍，是同等条件下
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